
UNCLASSIFI1 ED

firmed Services Technical Information fgenc
ARLINGTON HALL STATION

ARLINGTON 12 VIRGINIA

FOR A " dk

MECARO-CARD
CONTFROL ONLY U F

NOTICE: WHEN GOVERNMENT OR OTHER D:4AWINGS, SPECIFICATIONS OR OTHER DATA
xI ~E1MDFOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFV]"TELf RELATED

7 GOVERNMENT PROCUREMENT OPERATION, THE U. S. GOVERiNMEN THEREBiY -CURS
NO RESPONSlBILYIY, NOR ANY OBLIGATION WHATSOEVER AND THE FACT THAT TIIE
GOVIRNMXNT MAY HAVE FORMUJLATED, FURNISHED, OR IN ANY WAY SUPPLIED THE
BAl. DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO Mi REGARDED FY
IMPLICATION OR OTHERWISE AS UT ANY MANNER LICENSING THE HOLDER OR ANY (yfHER
PP..9 OR CORPORATION, OR .ONVEYING ANY R19HTS OR PERMISSION TO MANUFACTURE,
USE OR BELL ANY PATENTED OI ENThCN THAT MAY IN ANY WAY BE RELATED THERETO.

3M A-On



H COP~Y

(~~WAD(: T rCl'-?.jAL NOTE 59-32
SAST!-'. XWUMENT NR. Al) 210257

SPRESSU .0 iASTRIBUTION IN TRANSONIC FLOW Or
~ ~RIBBON AND GUIDE SURFACE PARAC HUTE MODELS

O)R. ILI. 1INRIC1l
lUP4 RIAI ENT 01: A1LKVNAUI k.I.INiN H;(

ROSI 11 VUNI VtR.A;1CA.IBIIVAWORIIX,

'11R. P. F. RY/A
I)1I'ACIAI 01V: 1FIRONAlI IClI.IAl IRN(

I:IBlRIARY 1959 F

, I A

IS ACUI)!AI-(l W'rMi 4z
All~ 205 4%A.

FARAI.IAP (A,

WRIGHT AIR DEVELOPMENT CENTER



WADC TECHNICAL NOTE 59-32
ASTIA DOCUMENT NR. AD 210257

PRESSURE DISTRIBUTION IN TRANSONIC FLOW OF
RIBBON AND GUIDE SURFACE PARACHUTE MODELS.

DR. H. G. HEINRICH
DI-PARTAfENT OF AFRONAUTIICAL lNGNI-!RING

AIR. I. G. BAIIJNGIiR

RtAUIS.OUNI AERONAUTICAL LABORA TORIE/S

AIR. P. E. RYAN
IDIVPARTA.INT OF AI-RONAUTICAL. ENGINFERING

FEBRUARY 1959

Ar(INAOITICA I ASFsmUAtIF s LAB ,AIA^ AY

(Ao.Rcty Na. AF 3 ,(616)-575-)
PBoiiE-T Ni. (065

TA-sK Nit. 6moI0

WRIGHT AIR DEVELOPMENT CENTER

AIR RESEARCH AND DEVELOPMENT COMMAND
UNITED STATES AIR FORCE

WRIGHT-PATYERSON AIR FORCE BASE, OHIO



This Technical Pts was prepared by the Aeronautical Engineering
Laboctoq of the Univa zaity of JHn e ote. The wor,. n itiated by
the Wright Air Denlojmnt Center, Wright-Ptterson Air Force Baae, Otdo,
and ruoapliabd urder Ccntraot Al 33(616)-3755. It was administered
by 'he Psmckate Branch of the Aeronautical Accessories Laboratory.

Aemokla iamnt and apprMciation is given to Sandia Caporatio,
Albuquerq-e, Mw Mexico for providing the funds required for the assembly
and pbllaotioa of the ata in Its premet fcn.

VADC U 59-32 11



ABRKCT

Tho preaeurs distributions over the Canopy of tiny rigid parachute
rzodeia were made in a speed range of free stream )4ZC numbers from
.6 t l.a. Interual and external pressure distributiona v:re ciducted
o a guida aurf'c and a ribbon moael parachute. The renults of these
data will bo used in determining an accurate me'hod of calculating the
b-sat tranefer h _ou4ho.t a raraehute canopy daring deseent. Pmnbe&

aM dtails3 pertain. 4 to the test methods a d equipent used to obtain
the ex.erlantal data.
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SfMBOLS USED IN THIS REPORT

P -- Local static pressure

Poo - Free stream static pressure

Pt - Total pressure in the wind tunnel

Po - Isentropic stagnation temperature

M cc a Free stream Mach number

Re - Reynolds number

t - Tote 1 temperature in the wind tunnel, o7

- Ratio of specific heats a Cp

Cr W Coefficient of pressure defined as:

pp

P a .

v



Is INTRIUC TI

Wl e report rawarizes measurments of preseured diatributicns

over the canopy of to rigid parachute models. Thi study was

originated under Contract No. AF 33(616)-3755, but was discontinued

through an executive order on Sept. 6, 1957. Because of related studies

pureaed by Sandia Corporation, Albuquerque, New Mexico, the evaluation

and analysis of alreacb' recorded data was requested and sponaored by

Sandia Carporation through a purchase request issued on March 3, 198.

The investigation was conducted on a guide surface nnd a ribbon

parachute model witi 20% gcnmetric porosity. Both models had a 2.5 Inch

naximtum projected diameter. The tests were made in a speed range of

MK - 0.6 to 1.2.

Presented in the body of the report are shadowgraphs, pressere

distribution plots and tables for both Internal and external pressure

distributiors. Also presented are summary plots showing the variance

of the pressure coefficients for the Mach number range under

considers ticn.

The wind tunnel experiments were coructed in the 12 x 16"

trnsonic wind tunnel of the Rosemount A eronautical Laboratories.

1T. !EST EQUIROT

1he parachute models were mounted at zero anple ef attack and

the test range was from Ma. - 0.6 to Ha a 1.25. The Jbynolds

number range was from 6.99 x 105 to 9.71 x 105 with maximum model

diameter of 2.15 inches as t2e characteristic dim-fnion.

Kanuscript released by the author Deceber 19.58 fCr publication im a
WAX Technical Note
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!The models were sting mounted to the balance system. The

mounting point of the model to the sting corresp-nds to the vent hole

of a full sized parachute. (See Figs 1, 2, 3 and 4). The ratio of

the sting diameter to the maximum diameter was 0.175, the ratio of the

sting length to the maximum diameter was 2.95, and for these

proportions the sting effects were considered neg' i5gible.

,hpe ?.Arn anpl nf ;- .t.ark unns measured wi th reference to the test

section center line, however, the data indicated an unsyrnetry of

less than 0.5 degrees angle of attack. Since both rmodels are bodies of

revclution and no reason for tn-ly uLnsyrmetrical pressure distrJbution

can be seen, the ob'alned da-! were averaged to syrmetry with respect

to the model centerlines.

Throughout the wind tunnel tests, shadwgraph pictures were

obtained of each experiment. Peing free from wall reflcnted waves,

and with sufficiently low dew point temperature, the shadowgraph

pie bre pave a satisfactory ndicntion of the wake and the shock waves.

The guide surface parachute model and the rib-cn parachute

mode] pave a blockage effect of 2.56 percent and 0,65 percent,

respectively, which is snall enoueh to neglect any 'ind tunnel cor-

rections for interference effects.

A sehematir drawing (Fi -) Shci the manometer board connertirr s

The pressure tap leads are guided internally through the sting and

the bundle of tubing leaves the .dnd tunnel far enough downstream to

avcid adverse pressure effects. The free stream 14nch number (Mn)

was obtained by use of previously calculated calibration charts for

W,%!iJ. TN :59-32 -2-



the transonic tunnel considering no interference effects. This

arrangement was used for both the gu ide urface and the ribbon type

parachute modal,

III HCiEL DETAILS

Three models of each parachute were made. One for shadowgraph

pictures, one for the measurev-ent of internal and one for the

measurement of external pressure distributions. All models were con-

structed of 0.037 inch stainless steel and manufactured according to

Figs 6, 7, and 8. It shoild be noted that the rjide surface parachute

models have an overall dia-eter of 2469 inc'su i:.tead of 2,5 inches.

Th1s was caused by ibe ar-r g-;ent of a defined radius at the corner

of the intersection between the truncated ,one and the spherical roof.

For etaplicty, the mi.dr'l has been referred to as having a 2.5 irnh

maxi mLn diameter.

Attention is called to d m:are of the ribon parachute rcdels

shown in Fig 9 and 10, which was c:used by high frequency vibrnation

of the models when subjected to tpn .qic flowd. In order to prevent

this type of damage, croaswisely arranged stiffeners wtere placed in

the inside of the models. These stiffeners were made of two half

circles of 0.0317 inch stainless atoel, -r4th sharpened locading edgecs.

Cn the basis of a ranoom distribution of the internal pressure taps

around the periphery of the model, it was cnncluded that the

stiffeners did not noticably effect the pressure distribution.

Figs 1 and 12 11.-strate the locations of pressure taps, the

dimensions given in terms ot maximum diameter.

W(kD TN 59-32 -3-



IV * iISITRILUTION

The objective of this project was the daterudnatioa of the

Internal and external coefficients of presure (C P) for the ribbon and

guide surface parachutes for varyinE Mach numbers.

The coefficient of pressure was defined as:

b,3-sla thea local nt•Uc pressure

PFg IS the free stream static pressure

Mw is the free stream ,61ach number

1"Pj~ is the dynu.1c pressure

r is the rutio of opeciflc heats (assumed 1.40

for teaperature range of 720 - 94 0 F during tests)

In transonic and low supersonic flaw. one may qxpect, thut inside

of a holloa. nee-porous or mi]dly porous object, the local1 pressure

amounts to apl-roximatcly the isentropic atagnntion pressure. in

Compressible fl.r the stagnation yressure PO can be expressed in ter=

of the dynnic pressure q! by neans of the well know n relitionship.
P P +

0 . +(2)
If perfect Isentropic stagnrtiua pressure is achieved on the inside

of the par -chute models, then the pressure coefficient -would amount to*

4- i -MP -- +. 4-

L i1e9pan. i. , and _uckett, A.Z. Introduction to Aerodynamics of
a Gompreeaible FluId'. Galcit ieronautical Series. p. 76. John
Wiley & Sons, Inc.. New 'ork. 1947.
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For convenient comparison, the pressure coefficient, C. AV$ as

defined in Eq. 1, measured and averaged over the entire inside of

the parachute models, and the value of Eq, 3, which iu merely a function

of Mach number, is indicated on erch schematic presentation of the

pressure distribution.

V. EXPERIENMhL RESILIS

A. dbbon irpe Fauachute Modal with Twenty Percent Gecrnetric Porosity.

Tests were conducted at the following Mach numbers:

Fxternal Pressure Internal Pressure

M - 0.610 M - 0.612

M - 0.312 MH 0.810

m -o.904 M -o.905

m -o.951 m -o.956

M -0.9V8 M * 1.0h

M =1.061 1-1 1.063

MH 1.128 M - 1.115

M - 1.191 H - 1.192

Since these Mach numbers vary only in the third decimal place,

average Mqch numbers are referred to for simplJcity. Ihe average

MIeh nmbers are considered as 0.61, 0.81, 0.90, 0.95, 1.00, 1.12

and 1.19.

Figs 13, 15, 17, 19, 21, 23, 25 and 27 are the shadowgraphs of

the flow patterns for the above mentioned Mach numbers.

WAlIC n 59-32 -5-



Tne combined internal and extarl pressure coefficients are

shown in Figs 14, 16, 18, 20, 22, 24, 26 and 28. Vectors pointing

tow..rds the surface of Lhe model Indicate positive C values, while

vectors pointing away indicate negative Cp values.

Fig 29 shows how the pattern of the pressure distribution varies

with Mach number .

B. 3uide Surface Parachute Model

The pressure distribution for the guide surface parachute model

wvs an-,s determined by eight wind tunnel tests for each model. 'he

tunnel .hch num.bers w.ere:

External In te rnal

X - C.6 lC 0 - 0.632

-0. r'5 M -o.801

'; -M =0P.99

-0.930 M -0.956

- !.1,(7 K - 1.01

X - 1.072 4 - 1.067

-].130 M - 1,135

4 - 1.23b V4 - 1.230

Arain for s4splicity and co:nprison, the experiments wore

.-ensidere:I to have been perforred at Mach numbers of 0.61, 0.80,

O.P9, 0.91j, 1.01, 1.07, 1.13 and 1.23.

Shadowgr'phs showing the flow patterns are presented as Figures

30, 33, 36, 39, 42, 45, 4b and 51 for the above averae Mach numbers.

t! 59-32 -6-



For clarity of presentation, the external and internal P-Mssure

distributions are shown on -individual figures. As before a vector

presentation of the pressure €cmfflcipnt ham heen rhnman_ _Thi

external pressure coefficients are shown in Figs 31, 34s 37, 40, 43,

h6, 49 and 52 while the internal pressure coefficients are presentedSin Figs 32, 35, 38, hi, hi4, 47, 50 and 53.

Figs 59 and 55 show the external and internal pressure coefficients

ror the highest and lowest experimental Mach numbers, 1.234 and 0.6i5

respec ti vely.

VI. ANALYSIS

A. Ribbon I'rachute

Shadowgrnphs of the flow patterns Are shown in Figs 13, 25, 17,

19, 1, 25 And 27. Frun inspection of the shadwcgwrn.Ths the %llwing

obsrv,Liins may he j-int-:d out.

1. fn subsric f"l.. (Fi .3) a well defined stream of air iss.es

through the slots between the individjal rib' on,. This

picture J,,dicater that this flow is. subson c. Fi. 15 shows

the same type of flow passing throuph the slot';, By

examining the pressure ratio across the parachute c.anopy

one finds that near the parchute skirt, the pressure

differential between the inside and outside of the canopy

is sufficient to establish sonic flow. However, the

shadowgraph does not indicate a significant change -ompdred

with the preceding picture.

W.-JG TN 59-3- -7-



2. Beginning at Mach nunber 0.85?,Fig 17, the air stre" bewsn

the ribbons begins iou zh-e e diamond pattea which ii

characteristic of jet flow with sonic speed.

j. The moat prminent indications of sonic flow through the slots

can be seen in Fig 2? (Mm - 1.19h). Figs 25 and 27 also

indicate the pressure of a detached shock wave ahead of the

parachute model.

The Fig 17 and 19 prove that surpersonic flow may exist in the

slots, even thouph tki. free stream Mach number is still subsonic,

which can be understood in view of the reduced pressure on the outside

cf the parachute canopy while almost full isentropic stagnation

preasure exists inside the parachute canopy.

?he individual pressure distribution plots for the ribbon type

parachute, Figs 114 and following, show the variation of the external

and internal pressure coafficients for each test Mach number. In

general, the pressure distribution diarams show that with increasing

Mach iuumbers the negative value of the external coefficients of

pressure decrease while the internal coefficients increase. The net

chanpe of pressure distribution, however, represents a decrease in

the tendency of inflaton of a flexible parachute.

While the pattern of tho external pressure distribution changes

conider.-bly with MWch number, the internal pressure coefficient assumes

in all cases a ralue approximately equal to ratio of AF of
q

c( iprci ble flow (se Eq.3, P.e 4 )

wac 7N4 51'953if-8



B. Guide Surface Parachute

Shadowgraph pictures of the flow pattern for the guide surf--ce

parachute model are shown in Figs 30 and follouft. The shadowgraphs

are good for purposes of wake vlsualizat-ion, whereas, the expected

expansion around the parachute model corner is invisible.

The individual pressure distribution plots are shown in Figs 31

and following. Included in the plots for external pressure distribution

is nn enlarged scale rIot of the presare distri tion abeut the eorner,

in which dotted lines indicate an estinte of the pressure coefficient

which obviously undergoes strong char.gps in this region.

- The pressure distribution across the roof of the puide surface

model dces not cnanpe appreciably, and also remains nearly constant

for any particula r free stre.nm Mach number.

Figs 32.and following show that the internal pressure distrbution

is also nearly consL-nt across the surface of the parachute model and

that its amount is nearly equal to the isentropic stapna'ion pressure.

Fig 5h is a sumar;. plot showinp the external pres:;ure coefficient

for the extremities of the test ranr:2, Mfd a 0,615 and i.234

respectively. This firure indicates a significnnt chanpe of the

external pressure with Mnch number. In conbhnaticn with Fig 55 it can

be seen that the net firce, which keeps the parnebute inflated,

*l" W ?th ch fUtr

In Fi 56 there is a contin,.cus present'tion (f the cc.

external pressure coefficient plotted agpinst the flattened surface

of the guide surf-ce parachute. The tap locations correspond to

WaDC TN 59-32 -9-



their actual locations on the surface of the parachute.

Figs 57 and 5P presert the same effect in a different nanner,

and these figu res may be of pertica]ar interest in studies of the

functional behavior of parachutes in transonic and supersonic flow.

It appears to be evident that with the approach of the rqim of

compressibility, conventional parachutes will display undesirable

characteristics.

The foregoing results have been presented in a quantitative

rather than a qualitative manner, which is a consequence of the fact

that this study is merely a part of our overall effort to establish

the foundation of aerodynamic retardntlon and this report should be

considered as merely advanced information.

iWid'C TN 59-32 -10-



APPENDIX

WAX T 59-32-U



APPDIX A

LIST O7 FIGURI

FIGURE PaGE

I . ..... .. .......... ...... • -. .. . . ....... ."7wn 
4 

ts,- -.1I?

2. ,4odel of a Ribbon Furachute, 2.5 izrch Diameter, ?0 po. Oslty...18

3. Guide Surface Parachute .ode1 for external Pressure Test ....... 19

4. Guide Surfacu Parachute .odel for Internal Pressure Test ....... 20

5. Schematic of Pressure Tap Hook-up .............................. 21

6. Lxternal Prossure Tap Aodel (Ribbon Prachute) ........ 22

7. Intarnal Pressure Tap ..oriel (libbon Parachute) ................. 23

8. -xterral kressure I-arachute .-Aodel (Guide Surface Israchute) .... 24

9. Aodel of a Ribbon Parachute Damiagud by igieh Frequency

Vibrations .................................................. 5

10. -iodel of a Ribbon I-rachute Danagod ty High Freriuency

Vibrations.................................................. 26

11. Ribton Parachute Model Pressure T.p Locations In Terms of

Ovurall ji:etur 0 .......................................... 27

Lc. Guide Surfacu- Varachute Tap Locations in Terms of Ovorall

iaeiaet.r .................................................. 28

13. Shadowjraph 1-icture of a Ribbon Parachute Aodel at ilach

i.umber 0.58 ................................................ 29

1.4. Pressure Dlst:ributl. on a 2.5 inch Ribbon Parachute

1o0 -0.61 .................................................. 30

15. Shadoiraph alcture of a Ribbon farachute Aodel at .4ach

Number 0.805 .... ............ ....... 32

16. Pressure Distribution on a 2.5 inch Ribbon k.,rachute i'.o=0. 8 ,.33

17. Shadowgraph Picture of a Ribbon Parachute .odel at Aach

aumbar 0.897 ................................................ 35

WA.xD TS 59-32 -12-



PAGE

18. Pressure Distributio 1 on a 2.5 inch Ribbon Parachute MOD - 0.90.. 36

19. Shadowgraph Picture of a Ribbon Parachute Model at Mach

Number 0.946 . . .. . . . .- a . .. . . a . . . . . . .38

20. Pressure Distribution on a 2.5 tech Ribbon tarachute M., - 0.9$ . .39

21. Shadowgraph Picture of a Ribbon Parachute Mdel at Mach

Number l.002 . . . . . . . . . . . .

22. Pressure Distribution on a 2.5 inch Ribbon Parachute Io - 1.00.. 42

23. Shedrwgraph Pietre of a Ribbon Parachute odel at Mach

Nunber 1.063 . . . . . . . . . . . . . . . . ..... o....L

2h. Pressure Distribution on a 2.5 inch Ribbon Parachute M = 1.6. 45

25. zhadowgraph Picture of a Ribbon Parachute Model at Mach

Number 1.1....•.•.....................V

26. Pressure Distribution on a 2.5 inch Ribbon Parachute M i . U

27. Shadowgraph Picturs of a Ribbon Parachute Model at Mach

Number 1.194............................ .

28. Pressure Distribution on a 2.5 inch Ribbon Parachute Moo - 1.19.

29. Surriary of Cp Distribution for a 21 inch Diameter Ribbon

Parachute Model. . .... ... .............. 3

30. Shadowgraph Picture of a Guide Surface Parachute Model at

Mach Nunber 0.65 . . . . . . . . . . . . *..

31. External Pressure Trn Cp Distribution on 24 inch Guide Surface

Parachute moo - o.615 ...................... 55

32. Internal Pressure Run, Cp Distribution on 24 inch Guide Surface

Parachute Moo * 0.612 . . . . . . ... ... ..... . .. . 56

WADC Th 59.3Z -. 3-



PAGE

33. Shadovgraph Picture of A Guide Surface Parachute Model at Mach

Number 0.805 . . . . . . . . . . . . . . . . 58
3. C..... I v "- " O -'Luktn un 21 ,ncn " burace

" p

Parachutet Moo - 0.805 e . . . . . . . . a a * * . . . 59

35. Internal Pressure 1hn C Distribution on 2j inch Guide Surface
p

Parachute, Moo a 0.801 . . . . . . . . 60

36. Shadowgraph Picture of a Guide Surface Parachute Model at Mach

Number 0.890 * * .................................. , & * 62

37. External Pressure Run C Distribution on 21 inch Guide Surface
p

Parachute, Moo . 0.890. .................... . 63

38. Internal Pressure Run, Cp Distribution on 21 inch Guide Surface

Parachute, Mo 0.899 . . . . . .. ..................... . . 6h

39. Shadowgraph Picture of a Guide Surface Parachute Model at Mach

Nunber 0.930, , , * * * ....... . 66

40. External Pressure Run, C Distribution on 21 inch Guide Surfacep

Parachute, Moo - 0.930 ..................... 67

UL. Internal Pressure Run, Cp Distribution on 2-j inch Guide Surface

Parachute Moo " 0.956 . . . . .. . . ...................... 66

42. Shadowgraph Picture of a Guide Surface Parachute Model at

Mach Number 1.007. ........... . .. . .... *.. . .70

43. Eternal Pressure Tn, C p Distribution on 2j inch Guide Surface

Parachute, H., - 1.007 v o * * - - . . . . * . . . . . .. . . 71

h.. internal Pressure Run, Cp Distribution on 2j inch Guide Onyface

Parachute, MOO M 1.015 ... . . ................ 72

45. Shadowp;r.3 Picture of a Guide Surface Parachute Model at Mach

Number 1.072 .... ...................... 7

'4W TN 59-32 -14-



PAGE
h6 . External Pressurc Run, C Distribution on 2j inch Guide Surfae

Parachute, M 0 0  1.072 . ................... 75

117. Titpw'1~thi,, Pp TW*i41--,+4e. fl- ~.4 J

Parachute, M -1.067 . . .... . . . . . . . 76
18. ShadowgraFh Picture of a uide Surface Parchute Model at Mach

Number 1.130 .. .. . ....... .78

49. External Pressure Run, Cp Distribution on 21 Inch Guide Surface

Parachute, MOO ,O. . . .. . . . . . . 79

O. nhternal Fr&5"re Run, Cp Distribution on 2j inch Guide Surface

Parachute, Mo - 1.135 . . . . . . ... . *s... ..... 80

51. Shadowgraph Picture of a Guide Surface Parachute Model at Mach

Number 1.23h ..... ................... 82

52. Exteral Pressure Run, OP Distribution on 2J inch Guide Surface

Parachute, Moo - .23. . . . *... a . .. a.......... .. 83

53. Internal Pressure Run, C DistributLon on 21 inch Guide Surface

Parachute, Moo - 1.230..................... 81

54. Range of Cp for External Pressure Test on a 24 inch Diameter

Guide Surface Parachute Model .................. . 86

55. Range of Cp for Internal Pressure Test on a 2j inch Diameter

Guide Surface Parachute Model*. ................. 87

56. External Pressure Distribution Versus Flattened Surface for

Various Mo. Modelt 21 inch Diameter Guide Surface Parachute. 88

57. Average External Pressure Coefficient (Cp) Versus Mach No. (MOO)

for Parachute Pressure hps. Models 2.5 inch Diameter Ribbon Parachute

58. Aferage External Pressure Coefficient (Ce) Versus Mach Number CMoo)
fo2r PFarachute Pressure Tps. Moiels 2.5 inch Vameter ruide Surface

Farchutee . . . . . . . . . . . . .. 90

WADC T& 59-32 -15-



A!tPENIX B

List of Tables

ABLE Y PAGE

1 0.61 31

2 0.81 34

3 0.90 37

4 o.95 4o

5 1.00 43

6 1.06 L6

7 1.12 49

8 1.19 52

PMSSURE MSTmMBTIGN OF GUIDE SUIUACt PARCHJU MODELS

ABLE No PAGE

9 o.61 57

10 0.50 61

3-1 0.89 65

12 o.9h 69

13 1.01 73

14 1.07 77

15 1.13 81

16 1.23 85

• ADC TNi 59-32 -16-



cap

7p

2 31



4.fa, I
a



a

xmI'l .



-&a



In

n
hi

-NA

N
IN K

U ~sz0

Ksai ZIZill

di

F; 'Hfl
Cr)

iii.
24 ___________________________

K I

'H4  
Li

9!! '0

K \\
&z=y K

C?

7 KK
Vt

RI
.'i.DC Ti. 59-3k

21



'/16 M V A6 UB/NZ 
7 D,0 0 IM 5

MNAI ~ ~ ~ ro RI/'D/L V OLE //N

7 A~f55L4Q1 U45% '-92N
AWI/14 TtI/fV MBIA ' MfROM UPOTof.TA
ALL 7.4P3 THROU6N 57-N5UPRTIG.7r-l
ADAPTE'R AMID 7116 7Z/BE' PLATES N/OT /A/CU/DED
D/37TA MCf BETWA' Tr.P5 =

le? HORIZQAvTAL
A/8MAIS5 -

00901. o4? VERTICAL
91'BO5ON'5 J 090

A~? J1/OPIZONT4L
15L 0 Z,-

~~o~o~s~" I 9597z 00Q005

2.5Oo0aoo _

EXTERALZ PPE5L'PE TAP MODEL-
SCALE: 2 1 I

F-1. 6
WADO TS 59-2

32 22



71'6 UB/M
'/16 TUB/AE9

NI 4 \JJROO 0~(F D2 OD0 8, 1(5rY- 13 DRILL AOR hM~LE/N
7 P1RES5tAE TAPS,* O /OU/IOIO

fAO~of 41 L M7AMO AZVd &%A2/T .MM PLATs
SIE OF IN70t / MW BE. A/OT 'MccCWD
.0457ANCE 8ETIV~tA
7AP3 0 25

ifP MORIZOWU7L
RIBBON-5 0O& DRILL
a.090 0 000512VTcA

0ooi .0. o05,

SLOT,; 0Q00 t-ir

INT5?A/AL PAC55UPE TAP M'OPEL
.XcALE , " /I

F 16= 7

Th 59-3223



____ - iEx~iI-I- lx~D

K -1.1 4--4

at - (pzs~

coo

HoN

,4.
xz

Mc '1-.

(n RZUK-

W 59-32



I:
I

ii5'
* S

U

9h1
S
U
3
S.
U

11

-; :1
?1*



VAN

W - T I

M ~ all:

in

26IZIO



74P LOCAT/OA/5 APE' 5.4.,f
I FOP I//TEPRVAL 4Sr2£2TZEPAAL

I1 /
.1670-

.400D

- .49.06D -

- ___D D(e500")

P188CMA PARACA11/T MODEL PRE85b'A'Er TAP LO-
CA7YOA/5 IN/ 7ZERM OF OVEPRALL D/AA-/ETER "D./

CE: 2/

.~59-32 i~6.I
27



cvd.

C4

COk

\e trD

V

WADC Tj{59-3



UACTN 59-32 FIO. 13 BbadcwS.;pb Picture of a Bibb=
Parachute M~odel at Mach Nr. 0.598

29



CpAv - 1.063

S 77MG

,-PAPACHWrE 'IIRACE

PRE551IR 7AP A&5S.

oo 05 10

/114

HALF MdODEL Or
RI PA ACWTUr

SCALE ;3"-/4

PP ESS .R E 5TPRBUTOA 0N A 2.5"
RIBBOV PARACHUTE U., = 0 6/

F/ 14

WLDC 1W 59-32
30



TABLE MO .L
RIBBON TrPE- POAACHUTE PPE5SL RE D/STP/IBI/TON

ERNAL PRE3sUAl TEsT INTEJMNA. PRE.5SURE Afar
A4, 0610 f aebZ

P0 = A/ I3 C?)s4 r 7?. foF p. = /z //7 pgfq t = 7/' F

UAP A2 tj (Psiq) Cp UAP MO q (P-5/6) Cp,(-.

R. ~ ?7M -0.8605, A 125- 05

A? e._95_ -0751 2 14.2/ / 06?

.3 9 4C,3 - 05 75 .3 /'P /07-3

4 9. 5;6 -__SW 4 -1.7 ____

5 19_91_ -0408 $ /4.26 /077

6 f9879 - 0. l32 6/ ;__pe / 985
7 /0 3 54' -0268 7 Al. 4' /090.3

/6 0 3O.v9 -0Z709 /0 0..?96
9 988+ -04.9 /k/8 0_-___-

10 ./0 - 0 '156 /4Al. Z08

9,939 -056 /4.2.6 1080

1,4-2~7 - 0. s Il /4, P7 /083
?.691' -. 77/ /3A. Z/ I____

14 .eec, -__ P.75 4 ~.23 /06e

WAM 9 3231



WAL2C IN 59-32 n.15. Shadowgraph Picture of a Ribbon
Parachute Aodel At klach Nr. 0.805

32



CA -11 4 6

SUNGPAPACWUMf SURFACE

4,11 ~ Cp -A AE J

cp0

C,. > 0

HAI F MOEL OF
qiBO0jv PARACHMT

-SCALE :.3 "= /I

PREWULRE D/$TR/B/TOA 0A1 A 2.5"'
RIBBON PA PA CHt/rE A4, 08/l

WADG TNi 59-32FI./



TABLE// M
R/ie"BON TKPE- PPACiLI/Ji PPM55UPE 121.5TRIBurlToN,

EXTERNWL PJE5L'A' TE,.5r IMTEPNAL Pt$/eT6

Vo1 -. 0 -
PcoAL 2JLRp o__ , 90 .l

6 p9 0 Pe e i

s/ #C 7-P' -0. 6- '5 '. / /-

2.e _ 2-6 239 AA A1 .

4 q3 ' /141. /41~9 __ _3__ 7

02 437/ 2___ A___

0 8?9 -0.23/9 /3.21

CI 6.66 -06807l /47.5 1.6
6.04___ -0.,59/~.2 .6

134 .- %.,8 142 1/59

eEPw/L PRS$rEcs-r - rAP pNO. /0 BEGAN I-EA-ING,
OISR&6A9 P aR RMAIACPR OF T--Sr73

VADC34



I4

'hDc TN 59-32 FIG- 17. .3hadowgrmph Picture of a Thdbbon
Par~chute .odel at ,Iach Nr. 0,897

35



CPAV~ 199

STING "' PAPACYUrE 21MPA CE

PPE55URE TAP NVO 5.

cp -

o 05 /0
/0 Cp M5ALE I--

13 0

HAL F i'dODE-1 OF
Q1/8BON PARA CHLITC

5CALE

.pRE55tjRL D/STR/BUT7/0/ ON A P-S5
RIBBONI PARA CHUTE Moo --- 0 90

WkWIN 59-32 36 IG. /8



74&r. Ai

'RIBBON 7YPf PHR4cHUrE PE5SURE DISTR/AL'1ON

EAMAA M635L4? 7ISr Il~ "AL PROSUAJ 77E3T

lip Ad Cp 7APM2 P Co r

S/ 05.3 ,3 I A. ZY 1.2/2

S___ -0-6/9 li. /7 1.197
S99 ___ t0s& f9. 2220

46,263 4-1q ____ __6

15 6 9* -0.336S M___3 tZO.9
6 _____ _____ 16Y 2__ /_20.9

7 7.530 -4eb 7 13.93 1-17

9 6255s - 0.3261 91/g

. 7W -4/#7 /916 1.2/7

13'5 -46/I 1*1 1.1.98,
/4Lg -A 6/S 14_ ____ 121

wKWG fl4 59-32 
3



59-.32 FIG. 19. sha4dvgraph Picture of' a IRibbow

Parachute Model at Mach lNr. 0.9i,6

38



CPAV -L 2 22

Aj&f f(AM/= IE4T7

STING -P4AACHUTEC S/PEA4CE

PcE5&09E UAP NO&~

otol
o 05 /.o

Cp 5CAZLE/=zO

411.

HAL1F MODEL OF
P188GM PAPAs/l E

PRESSURE DISTRIBUTION 0/V A 25"
P18,90/ PARACHUTE M~on 0 95

"mD fN459-32 9 1620



TABLE N0. +
RIBBON TKP[- 4PAACHUTE PhXt53LURE 15MIA'B ION

Aw- 0951 A4 a .=
P~o -!9RS=_729."F Pw 79f/ xp~c t = 7 F
p0  ~t. /4 .S9 ?~8 /0-1 po = /ti. 3R 'Pi=

UP A* fiq(psic) CP r# v TAM ~(Pma) Cp(~

a 25 -5ell2 /'P 1.237

z__ -0.5211 2 1___7

4 0.2/ -. $5z 4 26 _

- 6 -60.3il 5 /A.~ ?__5

7 .7 4 7 7-0 /3-93 1~

B 7.4F1 -0.-40 B 13.69 C,__7

9 6. 733 -0.249 9 1/e,/1 /2111

/0 7 745 -04S /0 AV,_P6 Z.49

6.297 -0361 v6 1k4 ' 1.237

/Z .5969 /k40 2 425 1.238

13 r.392 - 0.5-1y /.19 1412/sZ.

14 638,P -0,5/6 q /e.3 235-

wALDc 2w 59-132 4



Wi-D IN 59-32 1X0. 21. Sbadograph Picture of a Rlbbm
Paracute JXodo2 at .6h Nr. 1.002



CPAv " /1 2 5~9

r 57T/NG -,,PARACHLIT &1QFC.

-PPE.5,,?,E T4PM25

7$ 6'6

/ ____C_

o 35/ / / Z
/c

/J

HA4LF MODOEL OF
RI~BBON )PA RA CH.Tf'

PPE5L/RE /9/,5 TiBLITIQA' ON' A 2-5"
t//BBO' PAPACAICIT Mw 00

w-wC 2; .59-32 4 F-,1. 2 2



R46BONr TrP4 PAPACIWTE7 PRMIALE AOisi A7/f

fXfP'AW PRESWA'E 7FSr /ATARAW -'"?5$$UR 7A S

P&~75'?ps~c t=.J&_F pw=_Z7"f7 oi

P 14L~,r 9 r=7v~c" 9 /Y-3/2 1 ps/ Ac4ifLx /es

74P AV~ (q p3:4) C0  P4PM (Pi~~ -___

I 4' 72,2 e6 570 14.f5 /.73

4f. ia 5-50 1/417 _____

____ O. Y7Z /4eg ?268

5.7175 -0,96 ____ .LLL
x 3IO- -,48 5i Z3_ /_271-

6 6.4WS -408 o 6 /f 22 A_2_6

7 6 .O0'I -O.127 . 7 13.9z Z____

6.-900 -0.42( a 8 /.3. 89 /_e05

9 6.336 ' -4.4311 9 ____ /e5
10 7. 1/ -0 9 /Z Z76__

I5I dc ' A3740/ /?

/3 41790 -4327 s /0__ 1259

TNC L 59-3k 4

44



-d"C~ TA 59-32 FIG. ;f3 sha dgraph Picture of a Ribbon
P~arachute iodel at iriach Dr. 1.063



CPAV, 1288

ST/MA -ARAJOMTF SUhRFAC

a Cp

o 95 /0

Cp0 WALE /--/0

Cp 0

HAL F MODEL~L Or
P1880WV PAAACHUTE-

PP&~c55UIyE D/,5Tp/l/F/04'N 0V A 25"1
P1880OV PAPA C77T Af~,. 106

WADC Ml59-32 5 Ifi.5



TABLE AIG
RqIBBON TY1PE P4 PA CHUTE PP 5UP D/5TP/L'TONl

______ Mc,

EcxTiRNAL P3S- TC5Tr /MtEP,,?A OPe5su/Qf r,5r
A,0 06/ ____= , c,

PQ~~~~~ cc/pl t= 7 -P . 17/'

UAPM 4o4p.5jq Cp TAP NO PL (pI) Cp()

S 447? ~,2 I /4 16 /2V

4 .~29V 3/9 j;4 ;2,'1__

5 571 A,.23 /2.1 /297

6 _6__ -S/2 6o /k2 __

7 6.7- -0O 7 1.90 12__0

(5 6762 .7, _- 8 136 __6_

9 675' a.__ / 5 1.14/12 1260

/0 6,924, - 0.0/9 II /0

1/0 L0.35tA 16- 13.27

W~ 59-.32 46



-OUc2 93 I.2.Saowrp i-tr faRbc

44



CPAv 319

IST1V6PAQACHIITE SLIAQAC

PPE5sL.4E TAP No'5.

CPO

o 05 O

Cp 3C4LE Z 0,

HALF kJDft OF
P/880W PAACH~/TE

S5CALE - _3"= I'v

PRESSULRE V/S TP/8BU770A/ ON A 2,5f
R/B50A/ PA PA CHUTE Moo~ 12I

kfADC TV 5"-2 i48 FI. 26



RIBBON rrLr PARACHUTE PPM~UPE D/,5TP/5B1TON

£xTLAQM4L P%EWUA'( T($T lA/tErqsUL AwL3SwRf 7rE3

P., f46?, t= *P. 7/0
___74s4 tZ _____9f Pw 668 e t=i 7/F

po = A~ ~ 9 .53 /O Al PO =4,/2~ 065f x 'IO

rAp Ac q (ps)j Cp MAPM AG (p 310) Cp (*)

/. *72_ __03 _7 /41,0 13-3/

2 3-993 - .193 2 1,.1.3 A.31e

13 e/__325 -0,372 - 3 5//7 1326

4 195V,/ -0,335 4 /4._?/ 1332

5 k/ 99/ -. 257I5 1___ 1328

6 .3 779 _____Zo /',.19 2329

7 45,214 -0. c744 7 1385- t~7 70

6 6219 -0.043 13 ef /65

9 67e?3 - 0.//Z 9 /'09 3211

10 6.195, - 0046 /0 Ay, 21 1333
9lI .8s*, -0. 26#f /4' zo 33/

/259 ___3_ /e__ 14.'332

4.130 44'06 11S /318

L~.3 _ _ _ __6 /A(le1, 2

WACT 59-32



2N 59-32 FIG. 7. .3hadagraph Picture of' a Ribbon
Parachute i4odel c t iach "!r. 1.194

50



P.0 (M 1.4406

JST/MG PA4CHVrC 511RA CE

)PES$R- I/tAP 1/02'3

o

C, 5SCALE /"=/O

H-ALP F AOOEL OF
RIBBON PAACH~rE

.SCALE 'J v 3/*

PRqE,55UPE DI5TP/BUYOM 0ON A 2.5"
RIBBON PARPACHUTE M.3~ 19

VA 2159.32 Flra 26~



TABLE NO A-
RIBBON TKPE PAPAQ.C/IL/T P/2E53URE 01.57RIBUrION

fLA7 TcNAL PPf.55URr TEisT IA/Tt.C,;A RsE5stUA' TF.5r
_o 19119

.~~ ....... /

# 4. 292 t- 0.29/ M*t A 373
32,z 0. A_ _ 2, A__1_6-

3 3.6,90 -01.399 ___ A/-____ J6

4 -. 69!P - 0. -33 4 _/#_/ 1,373

5 4.1lee -0..30/ 5 All,.09 1_76e

6 -1619 - 0.'8 6e~e /#~ /26

7 S534 -0.07// 7 1. 7#' /2

a 5.5 78 -o.066 a /3.7 Z? _A90

9 /P. e611 a/A67 19 j/99 /352

/0 333 -0.1o7 /0 _____ _P___

.A/ -0. 32', / /14/ /e 137/

/Z .797 -0.367 le A''/ /,373
.577 0.1,04 15/40 / 3 .1
424?j7 -.0,291 /4'3.19__

WADC Tu 5"-3 52



44... 12 a/)

Af- -/9

0 Oil a23o

PSCA LC 0' 5'0

SUMMARY OP- C,, DISTPRIBUTI0N FO'R A 2L /I PI/AM,--TER
RtSBON PARACHilrTC 4O~

AVCRQAGCD. IIA'LUCT 62 C,. PLOTTrCV cOA1 HiALF MQEL

WADO TNE 59-32 FIG. 29



FIGURE 3'. SHADOWGRAPH PICTURE OF A GUIDE 6URFAC-- PARACHUT:- ?"ODLL
AT~ MACH NUM~BER 0.615.

54

lowC 71 414



LoL 1~
0 (f 0

I OuJ

m - LU C

WI ><C:

0- a:0

P Ou) (DJ
Ch - _/

r: UJ 4
C 0 Q/

______________________N



PRZSUURE 7 CU/bC 3IJRFACE
rAP NO. SFI

FULL 3CALF MODEL OF
GIDE .SURFACE PARACHUTE

ROOM

>77

/7 ~cpio

C~'. II -,

3. SCA C.I - 0

2-1

FI1G. a
H ALF MODEL : SURFACE 3 DfrACHED

SCALE ;3'-/

INTERNAL PRESSURE TFE3 T
RI/N Nd 9 C,. DISTRIBUTiON ON
Zr GUIDE SVqrACC PARACHUJTE

m-O .612
36 Fla. 3



rma tM2 1Y.

6U/Ot 5i.QPAC- )94PACHU4'E PPES5URi 0/15rRIB1rIOW
A4m 06/

EXTEhA4 PPIS5LiVE ri'sr INPPL PRSSLA9F r~'
M. -~0 f7/li AI,, 0496/

P., - /A 032 .sw( t 72 F IZ256 ___

P. = 14 A q 1 ~ Z' p/435 r qLR-/0

TAP NO p- 4oi,) ep TVP'os0 P toaia) c p co)

J 9S99 -0. 4/ 14.197

.9515 -05/4 /4 /9 /_____

5 Q819 - a.415 5 14.32cg /J99

6'Mr /1.0. -Q0 4 9 /. a99
7 10-167 _____9 7 14..3,4 A/00_

6 10.5,57 -0--226 14.32.9 1099
9 10.338 - 0.238 9 /4,32?4 1.:29-,

/0 /0, .-d -0,244 /0 14. 09 /
1___1_ -0,46 14'.5.4 1 /00

/2 /0.94 &12653 /Z __.___19

119-304 -a.?49 /J /-O 3,19 1.!)99
AI/CQ -q 0. 24ET 1'4 /414

15 If), -343 -v.24W3 15S/ 1____ O"
/6 v/0.518 OZ,34 16 /4.32-9 1.099

/0.3-Q77 f~2 /.A SIN 1.0.99

18 /. ?9,9 0.25S/ /8 / .3,8 z. /Ole

19 /.4.52 +.007 19 /4, 33~ / 10D

20 9.91- -___ 20 /#41'?,# ,007

2 2p6.0 ____1 22 to-?/1097

~ 57



VIGUHih -'iHAjU.-i(;Al;. F1CiUWE OF A GUILE .3URFAC- A'~ fjs Y~L
AT MACH lu~vdEh 0.80O5.

Wk=D TO 59-32



if)

0

L3 Z L
OlyI

LO Co

CL

In"

0- ~LLi

~"><zCm

w
// -

-jN

7 I~uCM

K I -



aut DLSuRFAc"
PRISSURE -- 0
TAP NO.$ FIG A

FULL 5CALf MODEL OF
GUIDE SURPACE PARACHUTE

--- .E_
1 
,,R o0ar

/ 6:17

1.7 p SCLE 1.00

- ' /- Z

/6,/I

/IO

4+ HALF MOE LRAE (DFT4rLJE

SCALE :J'- I

INTERNIAL PRESSURE TE5T
RuN N -to c7 pJsrRiBUTION ON
21- WIVE SURFACE PARACHUTE

itG iS

-6. F 0. SJ 5



Th8LEM2 14

6WID, S~rq.PjCC PARACJTE PRL73SORE O/STRA!(17701N

(TERAL PRFSSLIY? 7E5T ,NrtjQNZ PRrSSLAE TFST'

Pt. - 9,LL. 4 " t=..J' P Si4 z

74P UV4 i (Psic) C? 7700 . psq cp(+m

5 7.716 -t'.374 /of /.916 7 717/

6' 9___ Z_7___a_~ 6 /41 31i __/7/

7 7.f9Z z.a333 7 14if/ / 7Z
8 9_____ -0 z77 a /4.3/6 1.17/

to 8.107 -0/0 /4f.31 1.1169

9463 7__F /I /.#, 3,-/ IM

8. 6.39 -. Z98 /? /4.312 / /._/_N

13 a1010+ pe.2,9 7 /. 4. Y/v6 /17M

8.6 0.'P91 1s /1.311 " ~tI9

16 d 0.93 -0. esS 16 14'3/16 1.171_

17 8097 no. zelf 17 _ __ 1.172

18 9 04 A -0.Z97 18 /f, 326 /1/71
19 9.3,60 to0.6 /9132/ 4 17Z

7 Q27 -Al I- 2/1 ,14
'I Uj - - I2 T Of a--

2/ 7.399 __ 2a .?161_17

iuCTio 59-32 61



FIGURE 36. SHADUWGRAPII PICTURE OF A GUIDE SURFACE PAGHUTE M~ODEL
AT MACH NUMBER 0.990. 62

U59-32



0
m)

0%0

I - LL0w
LAN

<

OLL

U

T I- cx

C rCD

4 ~ L D L~ I
/I

N

TM 59-32



TAP MAD -

FMAL SCALE t40DEL OF
G4ADE S 1*PA E PARACHUJTE

fi OFP

141's

- I.a ar

aar

V~9 1.0~

9.1

Ip C

4.81 W d93

SCAL. )*-/



TABIr All/

SU/D4 S4qFACC AR4ACh#tE A55L#E O/SrR/Brl/704

t.,~* 7P..~ F P..6477 -j~ J10tk - F

7APM24 P(p/a Cp TAO C. (__)

a. ___ -352 14/105 A1/74

S 6675 -061 4,3/1 /27

5 7 14/4^ -12 4,320 ./

e. 701_ + 0041 6 4,3fO P29

7 7/5'0 -088 :7 /if, 3 220

6 739*S aO? /4. JIM 1219

9 7370 L~ 9 /4,311 el/7

/0 7341 04 /0 14t,_31__

1/ 732,6 -0.45/ 1 /,2' _

12 73/7 ves.t-75' /2 !..3f 28

7302 -O259 /~324P 12/
&4 7, 32". - 7 252 14, ?,?s Z220

7. 21 ___ -/S -.p

16 7361 -O?1 /#. /315 /t/8

17 a.9 ;736, 17 /A3J70 /219
r/d 7 317 A0~ //a2 A .22

19__ /09l /le.-157 1,220

L±1 910 -0,333 2 /#?Y/.217



IL

.l"U 5HAD G.UPH PICZURE OF A GUM;D -SURFACE PARPACi6'E Y!ODEr,
A! ACH NUMBR 0J930.

66

TI ? 0-32



0

Z:2

LLJ0cL
J- D-

0 ~LL.V
I'.L LL.

<
'-In

Li z

wADC 3 59-32



PLLL JCALE MAODEL OF
GLAME 3(*PACE PARACHUTE

4/

IC PICALC, 1'. 1.OO

SUI~rACE

G 9UIDE SUJRPACE AALT
kt- 0.356

V&WI5932 6 I34



GUIDE ,,UQFACE RPAC.UMTE PRESSURE 0ISTRISUT/ON
AA,=l O.P4

EXTERNAL PRESSURE Tr T INTtRNAL PRES5U5 TEsT
ky .l 0. 930 ., Q956

,.o 7 F P.= 7,958 ,3s/0t=.2o'

P,/97A /0 = /9 3Z Re=_e._7

TAP NO 1l FR TAP~o A10___ qC_(_)

3 6,669 ____ 14.107 _____R

6.6/6 -,310 4 /4307 /. _ 7

7 0 44 - .223 5 14.32-S /260

6" .Sill? + O, 00 6 /4. 317 /_._

7 6,498 -5 -31 ~3' _

( .74e 0.? e 3 1 4.sz A, 1 50

9 6. 709 -- l / 1 * /4 ____

/0 .694 -O,4 /0 te /.

/I 6689 -0.295 /I /'43/7 9

6,660 1. 0/ /4222 26,0

/3 a65. I - f0J' , ,/4. 317 .24'.

64 .679 -p,-297 /4 /32 ? 261

/5 6. 679 - -v7 15 /317 1.249

16 6,709 - 291 16 /#, 317 1,2+9

/7 6. 738 -0296 /7 / 1 32 i __ _0

/8 670 -- o. 299 / /-, 317 1.25/

20 7 2/ -. 188 20 /4,3/7 I, ?ie

21 .55 - ?42 2/ 14._17 .9

22 .75 -j_22 14_31Z A. 2 48

~N 59-5~69



FIU 2. S!2ADOWGRAPH PICTURE OF A GIE SUIVACE PARACH~UT'E YODEL
AT MACH NUMME 1.007. 7



0Cj

21 LijIC ~c 'i 0i
hIj

_% ffZ

*Ei~i59..32



p~f~auA~07Dr A P N O * r 1 .A

FA CAL E MODEL OF
GUI1DE JURrACE PARACHUTE

Poor

4 4

4/?/ I

2/

as /a /5

C.SCALE. /- /00

F7G. D
- HALF MODEL 5URFACE3 DETACHED

,SCALE; J'- I'

INTERNAL PRESSURE TE3T
,wN Na /3 C D/$TRJiUTION ON

Z" 6UIDE TURPACE PARACHUTE
m-- 1.015

ADC ~i 59-32 1/
72



TABLE Aoa /-9
GUIDE SURFACE PARACHUTE PRESSURE D.!TRIBUriOiv

4.1 /0___

ZXERNAL PrES&'rE TEST INTERNAL PRESSLE TEST

Pm" 7 4 6 0 -sPa t wZ? F P 1 423bpsya t = F
" in2,= 3 7 .R, y = 1.32;;

rP M P (,) cR TO.P Iva q reo c p t )

,_ e 363 -a 2a6 3 /,4.097 / 242

4. 6. z6 - ,? 4 /.130 28/

5 6. 726 -0/39 .. 32. ,___

6 ,.267 0 O/.52 ? /2e337
76 __5 968 - a V, 14, _/ 3 / 8

_6.
2

_ -6,2 7 223 ____

6.1.93 -0 39 9 14317 2___9L

/0 6.1/6e - 24Y 01 /0 1,-eZ 24

I 673 e), 243 14. 3 12
12. , 1 /4 - 0 2s5- / 4 3?7 f, 6"

6. -, Z5 4F. 3 UP

16 6,173# -0, 20-3 14- 1.6 _

/65 0.4 -50 9t 1,  /.3 Z' A P? 6

19 8,.34/ + a 16G /,9 14, 3V27 19.5-
2.0V 0" f -j 0, /V0 i 2 /,So- / g

22~ J Ar AL /fL1

TV5-2/ -73 ,. ,- :3 _ ,



T -

I

4

TImE ~5. mkflO~GR&PN IMCTURE CF A UIT2 SL'R~ACE ?Ai~ACHUTF. !~OLLL
P.AC~ NUMBER 1.072.



C Ca

z
-3 R: i D

0 0LI.j
<UU

0 L

IC L)

LL5
T,

/D

Lo

CL 2 9-32



t~Pi. AI

FL&L JCALf A40DEL OF
GLAWOE JIJRtAE PARACHUT*E

Roar

I ~.v 9/ A ~~CALX, j'./

i A

Hf fD SRACE DEWHEDC

N5~l i iJi-f

ROOOW ~ ~ ~ ~ ~ U Nc16C.DsrJGINO

21GUIDE SUR~FACE PARACH-UTE

7 6 FG 47



TA&D f AU M

GUIDE 5UQFACE PARACHUTE PRE55URE oisTRIaUriN
/07

£XTC R'AL Prw55Ltt trer IN-RNAt PPE,,5AE Tf5r
A Y. .I ?,-_ Ai- 6. g7

P..2 9-7a t -7 '' F P. 6, 96 , . 94°

SPo = 14.?37 ,7 p 959a/05  
3 ,-' 432 4 ';, R 909 V /0

"r7 NO , (p ,a) cr ii p 1.

6.235 - :,& 3 t4,0Ci /274

4. 6 7 -60.~ ,4- 14 29/ / 3/i'
6237 I - /19

-o6 702036 _J

1?97- I 22 / 14 214
_T_,1 - . H 7 14.316

~~~6. I/?-O - i 81 , !-

' 9a -,". iO .99__ _ V /436_____________________ __________ ,; / •, ,

6.9G 4$. ._~ ,It-,, /,i0I,36 f .?,_

11 .O0 6 -:. 1/ ' tl t . 1/t..1

/~~3 64 #N6 /1

12..

1 6 6 041 - 15 55 iw,

1 1 071 /5-. 0/ .: 16 /4, 3W / 2

7 6j_. I 15 17. 2 /tf/ 2/-

19 311_c. 2

25

1_ 6.07 -01o2 22 14.3?01 J? !4

P,0 -, 77



FIGURE A.SAO.ARPICTURE OF A GUIL~E SURFACE PARACHqUTE NIJZ-L
AT MACH NU,-BE-4 1. 110. 7



0

C~ U1

-n I

L~j

A 2<D

7! ~ cl >Kzc)
0_ Lii

10 II

I _JC 1N4 59-32r



GUWDL 3UNFACE
PRESSURE 70
rAP NO. S F16. A

PULL -SCALE MODEL OP
GUIDE .SuRPACCr PARACHUTE

/ 

/aI

"A 
S At C

± HALFMODELSURFAESURFAACHE

SCALE: J3-1/

INTERNAL PRESSURE Tf5T
RUN NO. 5 C, DISTRIBUTION ON
?-L GUIDE SURFACE PARACHUTE

M0.- / Q5

L 1,JC TB .59-32 t F 1,- 15o



TABLE /4
GUIDE 3URFACE PARACHUTE PRESSURE DIS TRAU'/-IOW

M=A-,.= /, 13

EXTERNAL PRESSLgE TE.ST INTERNAL PRESS4QE TEST
Al. -A 1.30 ___ = 135

"___4p ~~ 0
p.="- 644 -s,.a t =.7 W= A. ,?-0 ~ =9

Ta (po) C, TAP NO. (P5., ()

3 ___ -0.040 /4.0/7 /312
4 609 -0.055 , 14. __ 3_:1

5 _.623 p0.0-35 5 14.257 ____

6. 8/74 9.305 6 14252 Z / 52
7 4 073 -0. 410 7 14.267 /.355-

6 0. 4., 8 14.2,2 3 54
9 ,,.387 -&355 9 162f2 I.352

/0 4f. 33 -0.3463 /0 /S.?252 _._

/t 4,352 -a0,/ '1 I /4. 262 __..__

i 4.30' -0.368 /Z 14.26? '3:.

4/9/ -0.3e9 1.257 _-._0

i4 4. 5 -0385- /4 .4 z57 1.35-0

-A _1_/6 -0.385 /5 14,257 __.

16 4.I,- -0.37_ 16 14.26 ____

17 4. J?,? - 0 363 17 /.26Z /35-4

/8 4259 I -0.377 /6 /4.267 435-

/9 9,179 -A 0.3O6 19 14.262 1354
20 _. - 20 a-5." 257 _,

21 6. 124 -O.052 2/ 14.2s7 .350

.246 -0. 03/ 2 /4.252 32

__"__" __9-32 81



FIGURE 51. HAllkjOWGRAPH PICTURE OF A GUIDE SU?'YACE PARACHUTE M.OiEL

AT MACH NUMBHER 1.234. 8

*iAfl -2 59-32



LLII

Kj (- tLi-

in

r(r)

u~ IL

- l~Li

SL
a 6 U-iN

VAXC M



IN I
pRCULE4 0 70
TAp' Nd 9 PG. A

PLq.L JCALE A40DEL OF
GLICC .URFACE PARACHUTE~

p oor

na *

4AL M0f* iURFC4DFCE
SCLE 3j-/

1TRIL RSUR f'

Zf ~ ~ : 6SDESUrAE ARCHr

kFIG .2
VAX Wpq~ 59-32. 5RF~J lIA~l



GUIDE SU'?FA CC /?,1,A.CHUffE PRE(5UIRE 3/S TR/BUTYOA

SEKT.ERNAL PP(5&AUI'E Tf.57 IwreRNAL PRE5sstRE TEST
M._ ,2.3 Aj.4 /z 3 0 a

pm 51615 F 2 P.. =6~ _:f, t. F

7AP NO.lp ( 51 C C(p74PVa) Cp (9-)

4b. 043 '0,?,?6 14,06f6 ____9

5 6 5-06 a, 6 /-A 09/ X, 5 9

6 A39 J. W 140!OY' ___

7 4. ' -26 7  'o('/ __

6 -d 149 090I a y I.
9 4.081 .Y / 3z7

/0 4 P/z 0// /0 /4.0~' _

12Y, --- 141 . _______ 2 -

R13 4 -160 14, IM6 . -4'

14~Y 1 ' 117 4 111.091 3.9-)

/S .3I' W-e. A 15 33.

16 -7,993 Off1 . 4 I q.' h 3-?,?

/8 3.96 -A// /a/1 /94% /.4o

19 ~7614 -fZ1 I1 /4,09/ 1.3.99

20 16-Teo .5, 20 / 4.6 & /,3Y

2/ 5-935 2 __ 1 2/. /4OJ6 __9_

0, 0/i"70_ 22 1___ POO/ 397

wnc 59-32 85



ON A2,TIN. IA vi~ SU~ACEPARCHUT w0')Z
APFRAE VALUE5 F pPOTD6 ML)405

F1C5

'"X IN 594-- 86-x~



FIG

FUL CALZ M0ACL OF

c 3," r, 00 -TAUP *013

ii. 4 Af ,, a.s 1

40 i FLO
4W Did

SURMACE/ MrIE
ICLZ Z' J

87 fI .



EXTEOYAL PIMSLM CSTFEITOV vs FLATTENED
a9rACE FOR VARIOUS M..

W: f ET &E SWFACE
PA RA CHUTE -0.4

0z

-02

66. of P30

04 ol

-~ '0*

(oC) u.t 1

02 (> 0777
-.-.-.- ---- .... .. ......------

0-04

Sol

0 C.- M* 0 la

00.

0. o !L,.u-
O.I I. _ , , _I . . ... . .

0.4
ofM



t 1 - - - - - - - - --I- -~ -~

'ZI p 147177 49' TII$X
~J I +1
IV~ ~ I ii H\hs
rI 

I

Lp*F II

KV~

1f ': }~,L/3 : _ I._ H4 I
A 147>1V4

- I.........I - - ____ ____
* 9

- -I--' 141 t Elm.~ ~ 43. S S



FIT~F7ITVV T4

hi
cr4

it toyt
I , t

fA
goCY W~



u Alva-

Uw 1C01SIFI!F

WIT

fh';o oAe rvce iechiii, in Lfm 'Ii k&A=
.\NM ;' ,K )LjAN ANDV 'IiZ4; F; ACfImX'i

GI VWN K- WAYr~ . H AV )-', , &M{N 'e N1 '& 1 FONI* D "-'I J AY 1WtY1 l iAI I 'JR i ' .

~~J~' ~8I~FICATIONJ3, OR& (ITkWI(1 D1ATA IS NUT -,) M~ 1&GARDPA) BY
IMPLICATION CW MJMERW1SA. AS tE' ANY UMfrNIR LNI(.k HOULkH UN ANY JIhtt H
P[ERSON OR CORIPORLATION. C~t C:ftw(k.W4~; A'W' FdU(FT5 OR PFUL'Ll) *Z~iu 'T'j MAA?1Ut '- tHk:.
IJSM - 5J.I AN-V DI ?SNTE' !'f'I 7HAT MdAm LN ANY W'AY PF HFI AT!%[) Tfi:;I - 0.

LLIL


